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Abstract 
The method of preparation of microcapsules having liquid cores and hydrolyzed silica shells was demonstrated. Microcapsules 
were obtained by hydrolysis and condensation of silica sources contained in emulsion droplets. Tetraethyl orthosilicate {TEOS), 
(3 - Aminopropyl)triethoxysilane (APS) and Dimethyloctadecyl[3-(trimethoxysilyl)propyl]ammonium chloride (DTSACl) were 
used as silica sources. The interfacial properties of chloroform-TEOS(APS, DTSACl)/surfactant solution systems were 
investigated  to determine the conditions favourable for emulsification. Emulsions were prepared using evaporation technique and 
stabilized, if it was necessary, by addition of TWEEN 80. Droplet size distribution, zeta potential and stability of emulsions were 
examined.  
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Introduction  
Microencapsulation is the process, in which colloidal particles or droplets are being coated by shells to obtain capsules. The 
number of processes used to produce microcapsules continues to grow. The method to obtain microcapsules with organic shells 
on colloidal cores (e.g. polystyrene latex, CaCO3) by layer-by-layer adsorption of polyelectrolytes (PE) were proposed in [1-6], 
but that method has not been yet well established to obtain microcapsules on emulsion droplets. Application of mini- or micro -
emulsion with silica sources opens possibility of formation of novel, hybrid microcapsules with hydrolyzed silica shells. The 
solvent-free hydrolysis of alkoxysilanes has recently received growing interest being used in sol-gel techniques mainly in the 
production of monodisperse silica microspheres [7,8]. These shells can be then modified by building up PE multilayers using 
sequential adsorption of oppositely charged PE [9-11]. The capsules with liquid cores can be used for example in drug delivery 
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 systems or as micro-reactors [12-19]. Use of emulsion droplets as cores give us possibility to control their size [11]. Relative 
monodispersed micro and mini-emulsions with the average droplet size between a few and hundreds nanometers can be obtained 
and then used as cores for further encapsulation. 
The aim of our research was to examine the interfacial properties of system TEOS, APS and DTSACl chloroform/water 
and surfactant solutions interface in order to determine the conditions favourable for emulsification. The second step of our work 
was preparation of stable emulsions containing these silica sources and formation of silica shells. The process of microcapsules’ 
formation is schematically depicted in Fig.1.  
 
 
 
 
 
 
 
Fig. 1. Scheme of formation microcapsules with silica shells. 
 
1. Materials and methods  
TEOS (Tetraethyl orthosilicate), APS ((3 - Aminopropyl)triethoxysilane), DTSACl (Dimethyloctadecyl[3-
(trimethoxysilyl)propyl]ammonium chloride), Tween 80 (polyoxyethylenesorbitan monooleate) used as silica sources were 
purchased from Sigma-Aldrich Co. Their structural formulas are shown in Figure 2. Chloroform, oleic acid (OA) HCl, NaCl, 
were purchased from POCh SA. Direct Q3 UV system, Millipore SA water was used for the preparation of investigated 
solutions. All solutions were freshly prepared before using. Measurements of the interfacial tension of chloroform 
TEOS(APS,DTSACl)/water solution interface were performed by pendant drop shape analysis technique [20, 21] The 
experimental setup for interfacial tension determination by drop shape analysis method was described in [22]. All interfacial 
tension measurements were carried out at temperature 295K 
. 
 
 
 
a) b)  c)  
                           CH3            OCH3 
 
 CH3   CH2    CH2    N+         Si   
OCH3         
 16  
     `                          CH3          OCH3       
 
 
Fig. 2. Structural formulas of silica sources applied in our studies a) TEOS b) APS c) DTSACl. 
 
Chloroform  emulsions containing TEOS(APS, DTSACl) were prepared by mixing all component with combination of 
evaporation technique. Size (hydrodynamic diameter) of emulsion droplets were determined by DLS (Dynamic Light Scattering) 
using Zetasizer Nano Series and Zetasizer 3000 from Malvern Instruments with the detection angle of 90o and 17o in optically 
homogeneous square polystyrene cells. Measurements of the average size of emulsion droplets were performed at 298K. Zeta 
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2. Results and discussion 
 
To assess interfacial activity of TEOS, APS and DTSACl, the dynamic interfacial tension measurements at chloroform-
TEOS (APS, DTSACl)/water interface were performed in a wide range of alkoxysilane concentrations. Figure 3 presents a 
comparison of the dependencies of the equilibrium interfacial tension on the alkoxysilane concentration. Approximately 4-orders 
of magnitude difference in the interfacial activity between DTSACl and APS or TEOS shows the large influence of long 
hydrophobic part of DTSACl molecules. The significant decrease of interfacial tension of chloroform- DTSACl /water system 
enabled us to prepare emulsions without addition of any other surfactant. APS is slightly more surface active than TEOS due to 
the presence of charged amine group attached to the propyl chain and in acidic conditions gives a positive surface charge when 
adsorbed at chloroform water interface.  
To determine conditions favourable for emulsification using TEOS or APS we investigated interfacial tension of 
(TEOS(APS))(CHCl3)/TWEEN 80 systems. Tween 80 is non-ionic surfactant, which decreases surface tension of water solution to 
40 mN/m within the concentration range 10-7 to 10-3mol/dm3 (Fig. 4). Adsorption of Tween 80 at the chloroform/water solution 
interface led to the decrease of the interfacial tension to 13mN/m in the same range of surfactant concentrations (Fig. 4). In the 
following experiments TEOS and APS was used at concentrations 1.27M and 1.2x10-2M respectively, corresponding to the same 
interfacial tension at the chloroform/water interface equal to 28 mN/m (c.f. Fig. 3). As it seen in Figure 5 presence of 1.27M of 
TEOS does not influence the interfacial tension. Addition of small amount (2x10-5M and 5x10-5M of oleic acid to the aqueous 
phase does not change the interfacial tension as well. Solution of oleic acid in basic conditions (dissolved in equimolar KOH 
solution) contains both undissociated acid and surface active anions of its salt and their adsorption brings negative surface charge 
to the interface.  
In the presence of APS we observe decrease of interfacial tension of Tween 80 down to the value of 5 mN/m. (conf. Fig. 3 
and 6). The interfacial tension of both systems (chloroform TEOS(APS)/Tween) were not changed significantly in the conditions 
favouring acidic hydrolysis as it is shown in Figs. 5, 6.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Interfacial tension isotherms of DTSACl, APS and TEOS at chloroform /water interface.  
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and Zeta-Plus Brookhaven instruments. 
potential of emulsion droplets was measured by the microelectrophoretic method using Malvern Zetasizer Nano ZS apparatus  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Surface tension isotherm of TWEEN 80, and interfacial tension isotherm of  TWEEN 80 at the chloroform/water solution 
interface.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Interfacial tension isotherms of T ween 80  in the presence of TEOS at chloroform water solution interface. 
 
Our interfacial tension experiments demonstrated that it is possible to obtain conditions favorable for emulsification of 
chloroform containing silica sources in aqueous phase and the resulting emulsion can be either positively (APS+TWEEN, 
DTASCl) or negatively charged (TEOS+TWEEN80+oleic acid). The emulsions were prepared by continuous mixing of all 
components by magnetic stirrer for one night (in case of the smallest emulsion chloroform was allowed to evaporate during 
mixing). Stable emulsion containing 20% of TEOS stabilized by Tween 80 (5%) with the addition of 5x10-5M of oleic acid to 
assure electrostatic stabilization of the droplets were obtained. Figure 8 shows the size distribution of the emulsion droplets 
measured by DLS. As it can be seen, rather monodispersive miniemulsion with the average drop size of 5 nm and zeta potential 
of –30 mV could be obtained. 
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Fig. 6.  Interfacial tension isotherms of Tween 80  in the presence of APS at chloroform water solution interface. 
 
 
 
 
          
 
 
 
 
 
 
 
 
  
  
Fig. 8.  Size distribution of emulsions - 20% TEOS in chloroform/Tween 80 and oleic acid 
 
 
 
 
 
 
 
 
 
Fig. 9. Size distribution of emulsions - 20% APS in chloroform/Tween 80/water with average drop size 1- 20 nm, 2- 50 nm and 3 
–100 nm, produced at various weight ratio between oil and surfactant (see text). 
 
 Similarly emulsion of 20% APS stabilized by Tween 80 was obtained with the average size from 20 to 100 nm and zeta 
potential +15mV. The size distribution curves of these emulsions are presented in Figure 9, for various weight ratios between 
chloroform and surfactant, i.e., for 20nm - 1:1, 50nm – 3:1, 100nm – 5:1. After two weeks gradual growth of the emulsion was 
observed due to continuing hydrolysis and condensation of silica during shell formation. The example of growth of the emulsion 
drops is illustrated in Figure 10. One can see that the increase of the average size of the emulsion drops is not accompanied by 
significant broadening of the size distribution. Therefore, we can hypothesise that only increase of the size due to hydrolysis and 
silica condensation is observed without coalescence (or aggregation) of the emulsion. 
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Similarly, stable emulsions containing various amount of DTSACl in chloroform were obtained. As it was demonstrated 
before, no additional surfactant was required to obtain conditions suitable for emulsification. In Figure 11A the size distribution 
of emulsion droplets with average drop size equal to 100nm is presented. It can be seen that quite monodispersive emulsions can 
be obtained having surface active silica source in the non-aqueous phase. Changing chloroform/DTSACl ratio in the range 1:1 – 
5:1 we can obtain emulsions with average drop size in the range of 100-400nm. (Fig.11B). 
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Fig. 10. Size distribution of emulsions - 20% APS in chloroform/Tween 80/water A - before and B - after hydrolysis and 
condensation. 
 
3. Conclusions 
We examined the interfacial properties of system TEOS (Tetraethyl orthosilicate, APS ((3 - Aminopropyl)triethoxysilane), and 
DTSACl (Dimethyloctadecyl[3-(trimethoxysilyl)propyl]ammonium chloride) chloroform/water and surfactant solutions interface 
in order to determine the conditions favourable for emulsification. We demonstrated that DTSACl can adsorb at 
chloroform/water interface decreasing the interfacial tension. It enabled us to prepare emulsions without addition of any other 
surfactant. APS is slightly more surface active than TEOS due to the presence of charged amine group attached to the propyl 
chain and in acidic conditions gives a positive surface charge when adsorbed at chloroform water interface. In TEOS and APS 
cases we used non-ionic surfactant Tween 80 (polyoxyethylenesorbitan monooleate) to create and stabilze emulsion. In 
TEOS+TWEEN80 case further addition of small amount of oleic acid to the aqueous phase in basic conditions gave a negative 
surface charge when adsorbed at chloroform water interface. Our interfacial tension experiments demonstrated that it is possible 
to obtain conditions favorable for emulsification of chloroform containing silica sources in aqueous phase and the resulting 
emulsion can be either positively (APS+TWEEN, DTASCl) or negatively charged (TEOS+TWEEN80+oleic acid). We 
determined the optimal conditions concerning concentration of surfactant and weight ratio between oil and surfactant to form 
stable emulsions with average drop size in the range between 5-400 nm. The emulsions/capsules were stable in the period of 
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several weeks, however, gradual growth of the emulsion was observed due to continuing hydrolysis and condensation of silica 
polyelectrolytes). 
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Fig. 11.  Chloroform/DTSACl/water with average drop size   A - 100nm,  B - 1- 200 nm, 2 - 300 nm and 3 – 400 nm obtained by 
various oil / surfactant ratio (see text). 
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